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(54) Title: FILL LIMIT CONTROL VALVE ASSEMBLY HAVING A LIQUID FUEL TRAP 
(57) Abstract 

The subject invention includes a fill limit control valve assembly (10) 
having a valve portion (16) and a float portion (18). The valve portion (16) 
includes a vent opening (28) for venting vapors from the fuel tank (12) to a 
vapor canister. A float (30) is movably supported by the float portion (18) 
for movement between an open position spaced from the vent opoiing (28) 
and a closed position seating a seal (56) against a seat (64) about die vent 
opening (28). A liquid fiiel trap or discriminator member is disposed above 
die vent opening (28) to limit liquid fuel flow through an ouflet connector 
(22). The liquid fuel tr^ includes a baffle barrier (32) surrounding the vent 
opening (28) and a return cup (34) having a base (36) overlying the baffle 
barrier (32) and a depeiKiing rim (38) surrounding die baffle barrier (32) for 
forcing the flow of vapor frxnn the vent opening (28) tiuough a U-tum. A 
stem (54) extends from the tc^ end of die float (30) downwardly to a distal 
end (58). A guide disk (60) extends across die float cavity and is in sliding 
engagement widi the stem (54) for gtdding and stabilizing movement of 
the float (30) in the float cavity between the positions. A spring (62) reacts 
between die guide disk (60) and the top of die stem (54) for biasmg die 
stem (54) toward the closed position. During a rollover situation, the float 
(30) fills widi fuel and does not float as it is forced against die seat (64) 
by the spring (62). A steel ball (72) engages and forces the distal end (58) 
of the stem (54) iq>waid in response to the vertical axis of the valve, i.e., 
die axis of die stem (54), moving to a predetermined angle widi vertical. 
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FILL LIMIT CONTROL VALVE ASSEMBLY HAVING A LIQUID FUEL TRAP 
Field of the Invention 

5 The present invention relates to a valve which controls the fiiel level, the venting 

and traps fuel vapors from an automotive vehicle fuel tank to a fuel canister, or the like, 
and which prevents escape of liquid fuel from the friel tank in the event of rollover of the 
vehicle. 

1 0 Background of the Invention 

A fill limit control valve, which is normally disposed in a vehicle friel tank, 
frequently comprises a housing having a valve portion for sealing engagement about a 
hole in a fuel tank and a float portion extending into the fuel tank. The type of valve to 
which the subject invention pertains responds to the level of liquid fuel in the fuel tank, 

15 staying open to vent vapor as long as the fuel level is below a predetermined level. These 
are sometimes referred to as "fill control" or "shutoff" valves, since closing thereof creates a 
sudden pressure increase in the tank thereby preventing further refueling. 

The valve portion defines a vent opening for venting vapors from the fuel tank and a 
vapor outlet for conveying fuel vapors to a vapor canister. A float is movably supported by 

20 the float portion for seating against and closing tiie vent opening in response to the float rising 
to a predetermined fuel levieL Examples of such prior art assemblies are shown in U.S. Patent 
Nos. 5,590,697 to Benjey et al. and 5,860/158 to Benjey et al. 

Sometimes these valves are supplemented with a gravity-responsiveroUover device 
supported at the bottom of the float portion for engaging and moving the float upwardly to 

25 seal the vent opening in response to a predetermined amotmt of deviation from vertical, e.g., a 
rollover. An example of such a prior art assembly is shown in U.S. Patent No. 5,809,976 to 
Cooketal. 

Although all of these assemblies may perform satisfactorily, liquid fuel may 
inadvertentiy pass through the valve and into the vapor canister. Influx of liquid into the 
30 vapor canister, can prematurely saturate the canister and pollute the environment. Hence, 
there remains a need to reduce and virtually eliminate the amount of liquid fiiel that passes 
out of the valve during normal operation. 
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Summary of the Invention 

The disadvantages of the prior art may be overcome by providing a fill limit control 
valve assembly disposed in a vehicle fuel tank. The fiU limit control valve assembly has a 
housing having a valve portion for connection to a fuel tank and a float portion for extending 
5 into flie fiiel tank. The valve portion defines a vent opening for venting vapors from the fuel 
tank. A float is movably siq)ported by the float portion for movement between an open 
position spaced from the vent opening and a closed position seating against and sealing the 
vent opening in response to the float rismg to a predetermined fuel level, A liquid fiiel tr^ is 
disposed above the vent opening to limit Uquid fuel flow through the vapor oudet 

1 0 Accordingly, the subject invention provides a fill limit control valve that minimizes 

and virtually eliminates the undesirable flow of liquid fiiel into a vapor canister. Hence, only 
fuel v£qporspass through the valve and into the canister. 

According to another aspect of the invention, there is provided a fill limit control 
valve assembly having a float which traps vapor during normal fuel filling to enable flie float 

15 to become buoyant and responsively move to a closed position and which collects liquid fiiel 
when in an inverted rollover condition to prevent buoyancy and responsively move to the 
closed position. 

Brief Description of the Drawings 

20 Other advantages of the present invention will be readily appreciated as the same 

becomes better understood by reference to the following detailed description v/bsn considered 
in connection with the accompanying drawings whwein: 

Figure 1 is an environmental view showing &e subject invention combined with an 
automotive vehicle fiiel tank; 

25 Figure 2 is perspective view of a fiU limit control valve in accordance with flie subject 

invention; 

Figure 3 is an enlarged perspective view in cross section of the subject valve in an 
open position; 

Figure 4 is an enlarged perspective view in cross section of the subject valve in a 
30 closed position; and 

Figure 5 is an enlarged perspective view in cross section of the subject valve in a 
closed and rollover position. 
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Detailed Description of the Preferred Embodiment 

Referring to the Figures, wherein like numerals indicate like or corresponding parts 
throughout the several views, a fill limit control valve assembly is generally shown at 10 
disposed within a vehicle fuel tank 12 in Figure 1 . 
S The valve assembly 1 0 includes a housing, generally indicated at 14, having a float 

portion, generally indicated at 1 8, adapted for extending into the fuel tank 12. The housing 14 
includes a moimting cap 20 defining a vapor outlet coimector 22 for conveying vapors to a 
vapor canister 24 via line 26. A recirculation pipe 2 1 is also provided on the cap 20 for 
recirculating vapors into a filler neck 23 via a second line 25. In addition, a rollover valve 27 
10 maybemountedtothefueltank 12 and connected to the vapor canister 24 as is known in the 
art. 

The mounting cap 20 has a mounting face which abuts the fuel tank 12 to secxire the 
valve assembly 1 0 to the fuel tank 1 2 in any suitable manner. The vapor canister 24, which is 
typically a carbon canister, rollover valve 27, and fuel tank 12 are of any suitable design as is 
1 S known in the art For illustrative purposes, the lines 25, 26 are shown sdiematically . 

Referring to Figure 2, the float portion 1 8 is a cylindrical colunm and includes a float 
30 movably supported therein. The float portion 1 8 defines a number of openings 82, 83 for 
providing fluid conmiunication between the fuel tank 12 and the float 30. As illustrated, the 
openings 82 have a rectangxilar configuration and opening 83 has a triangular configuration. 
20 Preferably there are two rectangular openings 82 and two triangular openings 83 diametrically 
opposed on the float portion 1 8. 

Referring to Figures 3 and 4, the valve assembly 10 also includes a valve portion 1 6, 
adapted for connection to the fuel tank 12. The mounting cap 20 encompasses at least a 
portion of the valve portion 16. The valve portion 1 6 defines a vent opening 28 for venting 
25 vapors fix>m the fuel tank 12 to the vapor canister 24 via outiet connector 22 and line 26. 

The valve assembly 1 0 is characterized by a liquid fuel tr^ disposed above the vent 
opening 28 to limit liquid fuel flow through the outiet connector 22. The fiiel tr^ includes a 
baffle barrier 32 sxirrounding the vent opening 28. A return cup 34 having a base 36 overlies 
the baffle barrier 32 with a depending rim 38 surrounding the baffle barrier 32 for forcing the 
30 flow of vapor fix>m the vent opening 28 through a U-tum. The return cup 34 includes legs 48 
extending doAvnwardly from the rim 38 to support the fuel trap in the valve portion 1 6, The 
return cup 34 also includes a bullet 46 extending from the base 36 thereof and into the baffle 
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barrier 32 to define an annular passage for dividing the flow of vapors firam the vent opening 
28. The bullet 46 extends above the base 36 of the return cup 34 and an annular flange 50 
extends radially of the bullet 46. The flange 50 has passages 52 therethrough for the passage 
of vapors through the flange 50. The return cup 34, base 36, bullet 46, legs 48, and flange 50 
5 preferably define an mtegral discriminatormember. The discriminator member preferably is 
formed of a homogeneous organic polymeric material. As appreciated, the disaininator 
member may include multiple separate parts and may be formed of any suitable material. 

The valve portion 1 6 includes a bottom 40 supporting the baffle barrier 32 and 
defining the vent opening 28. The bottom 40 of the integral casing defines an annular valve 

1 0 seat 64 extending or projecting downwardly. An outer wall 42 extends firom the bottom 40 
and is spaced firom and surrounds the rim 38 for defining a collection reservoir for liquid fiiel. 
The bafiQe barrier 32 includes drain holes 44 for draining liqmd fix>m the reservoir back 
through the vent opening 28. The baffle barrier 32, bottom 40 and outer wall 42 are all 
defined by an integral casing, preferably formed of an organic polymeric material. The 

1 5 integral casing may include multiple separate parts and may be formed of any suitable 
material. 

The legs 48 of the return cup 34 extending downwardly to the bottom 40 for 
supporting the return cup 34, as well as the entire discriminatormember, on the bottom 40. 
The annular flange 50 engages flie outer wall 42 to finlher support the discriminatormember 

20 to the wall 42 of flie valve portion 16. 

The motmting cap 20 surrounds the outer wall 42 of the casing and defines the vapor 
outlet coimector 22 for conveying v^rs fi-om the passages 52 in the annular flange 50 of the 
discriminatormember. The integral casing and the cap 20 include a first tongue and groove 
coimection 76 interconnecting the integral casing and the c^ 20, 

25 The float portion 1 8 defines a float cavity in which the float 30 is vertically movable 

between an open position spaced ftom the vent opening 28 and a closed position seating 
against and sealing the vent opening 28. The float cavity is defined by an extension of the 
integral casing which extends downwardly fi^mflie bottom 40. The float 30 includes a 
buoyant cylindrical section 3 1 having a closed top end connected to the top of a stem or shaft 

30 54. The cylindrical section 3 1 is hollow with an open lower end and includes diametrically 
opposed openings 86 for allowing liquid to pass into a hollow interior of the cylindrical 
section 3 1 . Openings 86 are spaced fix>m the closed iq)per end of cylindrical section 3 1 so 
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that a vapor chamber is defined having a sufQcient volume to enable the float 30 to float in 
response to the filling liquid fuel. 

A valve seal 56 is secured to the upper closed end of the cylindrical section 3 1 for 
sealing engagement with the vent opening 28 to close the float 30 when in the closed position. 
5 As illustrated, the seal 56 is flexible and snapped into engagement with a button integral with 
the top end of the cylindrical section 3 1 . Preferably, the seal 56 engages the valve seat 64, 
which extends into the float cavity. The stem 54 extends firom the top end of the cylindrical 
section 3 1 of the float 30 downwardly to a lower end 58. 

A guide disk 60 extends about the lower end of the float cavity and has an opening 
1 0 receiving the stem 54 for guiding and stabilizing movement of the float 30 in the float cavity. 
The guide disk 60 includes openings 84 for allowing liquid to pass therethrough between the 
funnel-shaped element 68 and the float cavity. A spring 62 acts between the guide disk 60 
and the top of the stem 54 for biasing the stem 54, as well as the entire float 30, toward the 
closed position. 

1 5 Referring also to Figure 5, a skirt 66 depends from the float portion 18 of the integral 

casing. A gravity responsive device 67 is supported in the skirt 66 of the float portion 18. 
The gravity responsive device 67 is supported below the guide disk 60 for engaging the distal 
end 58 of the stem 54 and for moving the float 30 upwardly to seal with the seat 64 and close 
the vent opening 28 in response to a predetermined amoxmt of deviation from vertical. 

20 The gravity responsive device 67 includes a frmnel shaped element 68 extending from 

a laige diameter adjacent the guide disk 60 to a small diameter at the bottom thereof. A ball- 
seat opening 70 is defined in the small diameter and a ball 72, preferably made of steel, is 
normally disposed over the ball-seat opening 70. A support wheel 74 extends radially from 
the small diameter to engage the skirt 66 to support the funnel-shaped element 68 in the skirt 

25 66. The guide disk 60 is also supported in the skirt 66. A second tongue and groove 

connection 78 interconnects the disk 60 and the skirt 66. The v^iieel 74 and the funnel-sh^ed 
element 68 are integral and consist of an organic polymeric material and include a third 
tongue and groove connection 80 interconnecting the \^eel 74 and the skirt 66. 

The invention provides a fill limit control valve assembly with an integrated 

30 liquid/vapor discriminator member. During normal refilling of the fuel tank 1 2, the fuel level 
in the tank 12 rises and vapor is displaced. This causes a constant vapor flow to the canister 
24. In partictilar, the vapors pass through the openings 82 and upwardly through the float 
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cavity. The vapors then pass through the vent opening 28 and are then diverted by the bullet 
46. The vapors pass over the baffle barrier 32 between the barrier 32 and base 36. The 
vapors are forced to complete a U-tum by the dependingrim 38. The vapors then continue 
upward tiirough the passages 52 in the flange SO and out through the connector 22 and into 
5 the vapor canister 24. The vapors are purifiedby the canister 24 and exhausted to the 
atmosphere. 

The ba£Qe barrier 32, in conjunction with the return cup 34, condenses fuel and fuel 
mist that travels with the vapor flow and retains any liquid in the reservoir established 
between the wall 42 and the baffle barrier 32. As appreciated, a small amoxmt of fiiel mist 

1 0 and/or liquid may become trapped in the reservoir. This retained mist and/or liqxiid drains 
back into the tank 12 through the drain holes or slits 44 in the baffle barrier 32 once the vent 
opening 28 is reoi)ened. 

During normal filling of the fuel tank 12, at least a portion of the liquid fiiel also 
passes through the openings 82 and into the float cavity. The liquid fuel also passes through 

1 5 openings 84 in the guide disk 60 such that liquid fuel is accumulating below and wifliin the 
float 30. In particular, liquid fuel is disposed between the stem 54 and the cylindrical section 
31. The displaced vapor within the float 30 passes out of opening 86 within the cylindrical 
section31. TMspn>cesscontinuesuntilthelevelofUquid fuel within the fuel tank 12 
the level above the opting 86 in the cylindrical section 3 1 . At this point, no additional 

20 vapors can pass through the opening 86 and Hie vapors disposed between the top of the 
cylindrical section 3 1 and the opening 86 are trapped within the upper end of the hollow 
interior of the cylindrical section 3 1 , thereby increasing the buoyancy of the float 30 allowing 
the float 30 to move responsively upwardly to the closed position. 

As the level of liquid in the fuel tank 1 2 continues to rise, the float 30 will move fiom 

25 the open position, as shown in Figure 3, to the closed position, as shown in Figure 4. The 
\Q)ward movemrat of the float 30 occurs because of the buoyancy of the float 30, created by 
the trapped vapor, in relation to the rising liquid and the iipward pushing force fiom the 
spring 62. Hence, when a predetermined level of fuel in tiie tank 12 is reached, Ac float 30 
completely rises and, with the assistance of the spring 62, seals the seat 64 with the seal 56. 

30 The float 30 is therefore movably stq)ported by the float portion 1 8 for moving to the closed 
position seating against and sealing the vent opening 28 in response to the float 30 rising to a 
predeterminedfiiel level, i.e., ML. 
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Upon closure of the vent opening 28, the fuel tank 12 no longer has an exhaust avenue 
forthe vapor such that pressure builds up in the tank 12 and corresponding iBller neck 23. 
This pressure build-up triggers the filling nozzle to shut off and stops the refilling of the fiiel 
tank 12. 

5 As the liqtiid fuel in the fuel tank 1 2 is used, the level of liquid fuel will lower which 

subsequently lowers the float 30 within the float cavity. As appreciated, the liquid fiiel will 
flow out of the float cavity through the openings 82, When the float 30 lowers, the vent 
opening 28 is reopened such that any trapped mist and liquid can flow back into the float 
cavity through the drain holes 44. The surface tension of the fuel in the float 30 would cause 

10 the fuel to remain in the cylindrical float 30 except that the stem 54 helps to purge the fuel by 
breaking this sur&ce tension. 

During a vehicle rollov^, the steel ball 72 will disengage fix)m the ball-seat opening 
70. Preferably, the steel ball 72 starts to roll out of the normal position v/hea the vehicle is 
tilted more than 70"". As the steel ball 72 moves upward along the funnel-shaped element, the 

1 S ball 72 engages the distal end 58 of the stem 54 to push the stem 54 into the closed position 
sealing the fuel tank 12. As appreciated, the ball 72 may be of any suitable design, material 
and weight so long as the stem 54 is adequately pushed upward against the valve seat 64. 
During the rollover, the cylindrical section 3 1 of float 3 0 will be in an inverted condition and 
will therefore fill with liquid fiiel such that the float 30 is no longer buoyant. The float 30 is 

20 responsively forced to the closed position, against the valve seat 64 by the spring 62 
preventing fuel fiom passing through opening 28. 

Many modifications and variations of the present invention are possible in light of the 
above teachings. The invention may be practiced otherwise than as specifically described 
within the scope of the appended claims. 
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What is claimed is: 

1 . A fill limit control valve assembly (10) ad^ted for dispositionin a vehicle fuel tank 
(12), said valve assembly (10) comprising; 

a housing (14) having a valve portion (16) with an outlet connector (22) adq>ted for 
5 connection to a fuel tank (12) and a float portion (1 8) for extending into the fuel tank (12), 
said valve portion (16) defining a vent opening (28) for venting vapors fiom the fuel 
tank (12), 

a float (30) movably supported by said float portion (18) for movement between an 
open position spaced fix)m said vent opening (28) and a closed position seating against and 
1 0 sealing said vent opening (28), and 

a liquid fuel trap disposed above said vent opening (28) to limit liquid fuel flow 
therethrough to said outlet coimector (22). 

2. An assembly as set forth in claim 1 wherein said Uquid fuel tnq) includes a bafQe 
barrier (32) surrounding said vent opening (28). 

15 3. An assembly as set forth in claim 2 wherein said liquid fuel tr^ further includes a 
return cup (34) having a base (36) overlying said bafQe barrier (32) with a depending rim (38) 
surrounding said bafQe barrier(32) for forcingthe flow of said vapors fiom said vent opening 
(28) dirough a U-tum. 

4. An assembly as set forth in claim 3 wherein said valve portion ( 1 6) includes a bottom 
20 (40) siqjporting said bafQe banrier (32) and defining said vent opening (28) and an outer wall 

(42) extending fiwm said bottom (40) and spaced fiiom and surrounding said rim (38) for 
defining a collection reservoir below said rim (38). 

5. An assembly as set forth in claim 4 wherein said bafQe barrier (32) includes drain 
holes (44) for draining liquid firom said reservoir back through said vent opening (28). 

25 6. An assembly as set forth in claim 5 wherein said return cup (34) includes a bullet (46) 
extending from said base (36) thereof and mto said bafQe barrier (32) to define an anntdar 
passage for dividing said vapor flow fit>m said vent opening (28). 

7. An assembly as set forth in claim 6 further including legs (48) extending downwardly 
from said rim (38) to said bottom (40) for supporting said return cup (34) on said bottom (40). 
30 8. An asseiribly as set forth in claim 7 wherein said buUet (46) extends above said base 
(36) of said return cap (34) and including an annular flange (50) extending radially of said 
bullet (46) to engage said outer wall (42), said flange (50) defining passages (52) therethrough 
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for the passage of said vapors through said flange (SO). 

9. An assembly as set forth in claim 8 wherein said float portion (18) defines a float 
cavity in which said float (30) is vertically movable between said open and closed positions, 
said float (30) includes a cylindrical section (31) which traps vapor during normal fuel filling 

5 to enable the float (30) to responsively move to the closed position and which collects liquid 
fuel when in an inverted rollover condition to responsively move to the closed position. 

10. An assembly as set forth in claim 9 wherein said float (30) further including a valve 
seal (56) at a top end for sealing engagement with said vent opening (28) to close same when 
in said closed position, a stem (54) extending from said top end of said float (30) downwardly 

10 to a distal end (58). 

11. An assembly as set forth in claim 10 further including a guide disk (60) extending 
across said float cavity and in sliding engagement with said stem (54) for guiding and 
stabili^g said movement of said float (30) in said float cavity between said positions. 

12. An assembly as set forth in claim 1 1 vsdierein said valve seal (56) is supported on said 
1 5 top of said buoyant cylindrical section (31). 

13. An assembly as set forth in claim 12 further including a gravity responsive device 
(67) supported by said float portion (18) below said guide disk (60) for engaging said distal 
end (58) of said stem (54) and for moving said float (30) upwardly to seal said vent opening 
(28) in response to a predetermined amoxmt of deviation from vertical. 

20 14. An assembly as set forth in claim 1 3 further including a spring (62) reacting between 
said guide disk (60) and said top of said stem (54) for biasing said stem (54) toward said 
closed position. 

1 5. An assembly as set forth in claim 14 whorein said baffle barrier (32), said bottom (40) 

and said outer wall (42) define an integral casing. 
25 1 6. An assembly as set forth in claim 1 5 herein said return cup (34), said base (36), said 

bullet (46), said legs (48), and said flange (50) define an integral discriminatormCTiber. 

17. An assembly as set forth in claim 1 6 wherein said housing (1 4) includes a mounting 

cap (20) sim'ounding said outer wall (42) of said casing and defining said outlet connector 

(22) for conveying said vapors from said annular flange (50) of said discriminator member. 
30 18. An assembly as set forth in claim 1 7 wherein said bottom (40) of said integral casing 

defines an annular valve seat (64) extending downwardly into said float cavity. 

19. An assembly as set forth in claim 1 8 wherein said integral casing extends downwardly 
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ftom said bottom (40) to further define said float cavity with a skirt (66) depending therefiom. 

20. An assembly as set forth in claim 1 9 wherein said gravity responsive device (67) is 
supported in said skirt (66). 

21 . An assembly as set forth in claim 20 wherein said gravity responsive device (67) 

5 includes a funnel-shaped element (68) extending from a large diameter adjacent said gmde 
disk (60) to a small diameter, a ball-seat opening (70) in said small diameter, and a ball (72) 
normally disposed over said ball-seat opening (70). 

22. An assembly as set forth in claim 21 wherein said guide disk (60) is supported in said 
skirt (66). 

10 23. An assanbly as set forth in claim 22 including a support v»*eel (74) extending radially 
from said small diameter to engage said skirt (66) to support said funnel-shapedelement (68) 
insaidddrt(66). 

24. An assonbly as set forth in claim 23 wherein said float portion (1 8) includes openings 
(82) for allowing liquid to pass therethrough from the fuel tank (12) into said float cavity, said 

1 5 guide disk (60) includes openings (84) for allowing Uquid to pass therethrough from said 
funnel-shapedelement (68) to said float cavity, and said buoyant cylindrical section (31) 
being hoUow with an open distal end and including openings (86) for allowing Uquid to pass 
into a hollow interior of said buoyant cylindrical section (31). 

25. An assembly as set forth in claim 24 wherein said integral casing and said cap (20) 
20 consist of an organic polymeric material and including a first tongue and groove connection 

(76) interconnectingsaid integral casing and said c^ (20), said disk (60) consisting of an 
organic polymoic material and including a second tongue and groove coimection (78) 
interconnectingsaid disk (60) and said skirt (66), said v^eel (74) and said fimnel-diaped 
element (68) being integral and coiisisting of an organic polymeric material and including a 
25 third tongue and groove connection (80) interconnecting said Vfbeel (74) and said skirt (66). 
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